Abstract-This paper presents the design and measurement of a HE11 mode multilayer window that is designed for a millimeter wave broadband gyro-amplifier. The window acts to seal the vacuum inside the amplifier whilst coupling out microwave power with minimal reflection and absorption. Operating over 90-100 GHz the simulated reflection of this window is better than -30 dB while the measured reflection shows a lower than -27 dB reflection. The design, simulation and microwave measurement of the window is presented.
I. INTRODUCTION
yro-amplifiers [1] which can operate over a broadband and output high powers at high frequencys are in demand for applications such as dynamic nuclear polarization, electron paramagnetic resonance, high resolution radars and telecommunications. A mm-wave gyro-amplifier based on helically corrugated interaction region [2, 3] and cusp electron beam source [4] is being developed in the University of Strathclyde. This source is predicted to output ~5 kW microwave power over 90-100 GHz. There are many components in the amplifier circuit such as input coupler [5] [6] [7] , Bragg reflector, polariser [8] interaction region [9] , corrugated horn [10] and microwave window [11] . Each of these components is requried to have very low microwave reflection over the operating frequency range otherwise parasitic oscillations may be occured in the system. The microwave window acts to seal the amplifier from the atmosphere outside while allowing microwaves to pass through the window with minimal absorption or reflection.
Previously, a microwave window [12] based on the multilayer design has been constructed and measured to show a maximum -20 dB reflection over this frequency band. That window had an input microwave mode of TE11 whilst the design in this paper is for HE11 mode. This type of microwave mode concentrates the microwave power in the centre of the waveguide so the effect of radial steps in the waveguide geometry is reduced. This property should allow both better microwave reflection, less than -30 dB, and make window assembly easier.
II. WINDOW DESIGN
Microwave windows have many variations such as the single-disc [13] , multi-disc [14] , pillbox [15] and Brewster [16] . The single-disc window, shown in Fig 1(a) , has superior transmission over a very narrowband while the other types could operate over a broad frequency band. The Brewster window requires an plane-wave which is not directly compatible with the circularly-polarised microwave output from the helically corrugated waveguide. Therefore, in this study a multi-disc window, shown in Fig 1(b) , was used due to its wider frequency bandwidth and lower reflection than pillbox window. Material choice is very important as many gyro-amplifers use a thermonic cathode which requires an ultra high vacuum free of certain elements that could poison the cathode. The ideal window materials should be also mechanically strong with a low-outgassing rate and have low microwave absoption.
III. SIMULATION
The multilayer window was simulated and optimised using the mode matching method with which accurate calculation of the microwave properties could be obtained in a short time. The window geometry was a central dielectric disc which was flanked by two matching dielectric discs separated by the vacuum gaps. Therefore, the window was made up of five different dielectric layers. The two matching discs are used to create additional resonant passbands on the higher and lower side of the passband generated by the central disc. Consequently, this achieves a much wider bandwidth when compared to the single disc configuration as shown in Measurement of a broadband millimeter wave window for application in vacuum tubes
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The central dielectric disc was Alumina (Al2O3) with relative dielectric constant of 9.75. The matching discs were Quartz, with relative dielectric constant of 3.75, as this has been shown to allow a broadband transmission whilst being compatible with the operation of the thermionic cathode. In order to create the HE11 mode input a mode converting corrugated horn [11] was used before the window. This horn converts a TE11 input mode into a HE11 output mode which has a content of approximately 85% TE11 and 15% TM11. In addition some higher order modes were present at the output of the horn to achieve a high coupling with a Gaussian mode.
IV. CONSTRUCTION AND MEASUREMENT
The practical microwave window assembly had some constraints such as it had to maintain a vacuum of 10 -9 mbar level, as well as forming a vacuum seal with a pre-existing corrugated horn. To achieve both of these requirements the Alumina central disc was vacuum brazed into a Titanium housing which could be vacuum sealed. On both sides of the Alumina disc were Quartz discs separated by two thin copper rings to maintain the sensitive gap distances. At the air side was a copper spoke which allowed the adjustment of gap. The practice window assembly is shown in Fig. 3 .
The measurement of the microwave window was made using a Vector Network Analyser (VNA). The output of this VNA was in WR10 rectangular waveguide which was then profiled to a circular waveguide. A mode converting corrugated horn was then used to convert the fundamental circular TE11 mode to the Gaussian-like HE11 mode. The multilayer window was mounted on the end of the corrugated horn, through the CF flanges. The measured microwave properties [14] showed a better than -27 dB reflection which was in good agreement with the simulation results. 
V. CONCLUSION
A multilayer window was designed, simulated, constructed and measured for application in a gyro-TWA. The optimized window reflection was lower than -30 dB over the frequency range of 90-100 GHz. The constructed window was vacuum tight to the required level and measured on a VNA. The measured reflection of less than -27 dB was in good agreement with simulations.
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